Abstract-The blind number theory was applied to define the blind numbers of the parameters of environmental system according to the characteristics of several kinds of uncertainties coexisting in water environmental system. Entropy coefficient method was calculate indicator weight based on the differences of water evaluation indicators and effectively solve the problems of weight calculation and effect of subjective factor. On this basis, A new model for water quality evaluation that is representative of overall water quality of river stretch was established based on water quality comprehensive index evaluation model. The results of simulation case study showed that comparing with the deterministic model is feasible and reliable.
I. INTRODUCTION
The rate of increase in urban, agricultural, and industrial activities has raised scientists' concerns about environmental issues and in particular about water pollution. Therefore, much effort has been made in the development of a comprehensive index that is representative of the overall water quality. The most common index, called the Water Quality Index (WQI), was developed by Horton [1] . Since then, several modified water quality indices have been developed based on the WQI [2] [3] [4] [5] [6] ; however, use of these traditional indices raises many problems. One of the most important problems is that values with different distances from a limit have the same effect on the final index score [7] . This leads to an unclear distinction between each mode of the index and causes inaccuracies and ambiguity when making decisions about boundary values [8] . Another important problem is the fact that the traditional indices are not capable of dealing with the uncertainty and subjectivity of the environmental issues [9] . Besides the WQI method, there are still other common used methods, such as fuzzy mathematics [10] , mathematical statistics method [11] [12] , the matter element analysis [13] , artificial neural network [14] , and so on.
Actually, all evaluation models are developed based on the understanding of the relationship between water environment quality and evaluation indicators, which leads to the varied water quality evaluation models. Due to the impact of many factors, the contaminant concentration in water body often show some uncertainty and the processes of sample collection, storage, transportation and analysis also inevitably induce errors. Obviously, limited monitoring data are difficult to roundly and accurately reflect the actual status of water body pollution and inevitably induce the uncertainty of subjective perception of contaminant concentration and its distribution characteristic, i.e. unascertainty. Therefore, the water body quality evaluation system is an unascertained system theoretically. Liu [15] proposed the blind number theory, which is a powerful mathematical tool to solve the mentioned problem.
Great attention has been paid to the development of environmental problems based on blind number theory. Li [16] introduced the blind number theory to the assessment of human health risk, developed blind number models to calculate exposure dose and characterize the health risk of heavy metals and put forward a classification model for cancer risk as well. Tang [17] introduced the blind theory to the pollution assessment system and established a model of geo-accumulation index. Huang [18] proposed the BP model based on the blind number by coupling blind number and BP network, which took the blind number as model input and the forecasted object as output and used the proposed model forecast annual runoff. Cai [19] presented a comprehensive lake-water phosphorus equilibrium concentration model in accordance with the blind number theory to help eliminate uncertainties and gain credible results. Li [20] applied the blind number theory to evaluate the potential ecological risk of sediments in the waters by defining the blind number parameters and proposed a new potential ecological risk assessment model and a reliability model with blind numbers to identify the pollution level and potential ecological risk of pollutants in the sediments. Wang [21] utilized blind number theory to combine the Dillon model, blind model (BM) and cost-benefit analysis (CBA) model, and established the optimal model of D-BM of lake total phosphorus planning.
In this study, the aim is to develop a comprehensive index for water quality evaluation that is representative of overall water quality of river stretch for which the parameters are practical and easy to measure. A simulation case study was also conducted to check the performance of the proposed index. (1), then the expectation of blind number of () fx can be expressed as equation (2),
II. METHODS

A. Theory of Blind Number
where  is the sum of all reliability, and 
3) Operation Properties of Blind Number
Step 2 Construct the reliability product matrix of A and B, which is shown as table II. 12 
Step 3 All elements of possible value * matrix of A and B are rearranged in ascending order and we can get a new sequence 12 , , , k z z z , and the elements with the same value only be regarded as one value in the sequence. ' can be expressed as
where B is classification threshold of a certain evaluation criterion, r is a given real number, the equation (3) is called reliability calculation model of blind number.
B. The Principle of Entropy Coefficient Method
Entropy is the measure of the disorder degree of the system, and it can also measure the effective information provided by the data. Therefore, the entropy can be used to determine the weights. When the evaluated objects have quite a large difference between each other on a particular indicator, the entropy is smaller, which shows that when the indicators provide more effective information, the weight of the indicators should be larger; on the contrary, the smaller the difference, the larger the entropy, which shows that the smaller amount of information provided by indicators, the smaller the indicator weights. Therefore, the entropy coefficient method is an objective empowering method. To determine the weight by calculating the entropy is just the way of determining the weights of each indicator based on the evaluation of the variation degree of every evaluation indicator value.
The main steps of using entropy coefficient method to determine the weights are as follows [22] [23] [24] :
(1) Normalization of the original evaluating matrix Suppose there are n evaluation indicators and m evaluation objects, then the original indicators value matrix X is formed 
(2) Definition of the entropy During the evaluation where there are n evaluation indicators and m evaluation objects, the definition of the entropy of the jth indicator is:
where 
3) Construction of Water Quality Comprehensive Index Evaluation Model with Blind Number
Define the evaluation indicator i C ( 1, 2, , ) in  of equation (9) as blind number according to the equation (10) . In general, threshold 0i C is assigned by threshold of a certain level (for example, level I). Weight i w is represented as a real number. Then we can have
R is still a blind number in form according to the operation properties of blind number, that is to say, R is composed by a series of interval of possible value and their corresponding reliability value. The equation (11) Obviously, DO is the only indicator playing the positive role, i.e., the smaller the value of indicator, the greater the degree of pollution and the higher of the water quality level. While others play the negative role, i.e., the bigger the value of indicator, the greater the degree of pollution and the higher of the water quality level. In order to unite the directivity of indicator, we may as well use the oxygen deficit (D) instead of DO. Assume that DO concentration is 8.33mg/L under saturated condition. If divide threshold of level II, Level III, Level IV and Level V by threshold of level I, and we can get the dimensionless threshold of each level, which is shown in table IV. We can get all possible values and their corresponding reliability value of comprehensive index R by equation (11) and get the expectation of R by equation (2) , from which we can identify the water quality level of river stretch. But this is only a overall rough discriminant, and is not enough to accurately reveal the real status of the river stretch. Let A denote comprehensive index R, B is the sum of the product of threshold and corresponding weight of each indicator, and used to be the overall threshold of water quality level. Let 1 B denote the threshold of level I, 2 B denote the threshold of level II, 3 B denote the threshold of level III, 4 B denote the threshold of level IV, 5 B denote the threshold of level V, then we can get the equation (12) to calculate the reliability of level I,
The equation for calculating the reliability of level II can be deduced as follow,
Likewise, we can deduce the equations for calculating the reliability of level III, level IV, level V, and worse than level V, respectively,
Finally, the level corresponding to max{P 1 , P 2 , P 3 , P 4 , P 5 , P 6 } is the water quality level of river stretch.
III. NUMERICAL RESULTS
Suppose that there is a ten kilometers long river stretch with the contamination concentration distributed irregularly. In order to evaluate river water quality status, we can get the samples from twenty representative cross sections and analyze the results. Dissolved Oxygen (DO), Permanganate Index (COD Mn ), Chemical Oxygen Demand (COD Cr ), Five Days' Biochemical Oxygen Demand (BOD 5 ) and Ammonia Nitrogen (NH 3 -N) are selected as evaluation indicators. Sample data were generated by simulation, the process of which is shown as follows: for indicator C i (i=1,2,3,4,5), consider the 90% of the threshold of level I and the 110% of the threshold of level V as the lower limit i a and upper limit i b . Suppose the variable of each indicator is uniformly distributed between i a and i b , then we can obtain twenty random number for each indicator by simulation, which is shown in table V. In this study, we use the oxygen deficient (D) instead of dissolved oxygen (DO) and assume that the DO concentration is 8.33 mg/L at full saturation. 
1) Construction of the Indicator of Blind Number
First of all, sort the data of table Ⅴ in ascending order by indicator, which can be divided into several intervals based on the data distribution and assign the part of data concentrated distribution to one interval as much as possible. Consider the percentage of total number of the data that each interval include as the reliability of the corresponding interval, then every indicator can be expressed as blind number in form, which is shown as follows:
{ Then we can get the information entropy and weight of each evaluation indicator by equation (7) and (8), which is shown in table VII. 
3) Results and Discussion
In this study we used the threshold of level I as standard value. Substitute the blind number
, weight i w and threshold of level I of each indicator 0i C into equation (11), we can get the comprehensive index R composed by intervals of possible value and corresponding reliability. Due to the intervals may overlap, assume that the each interval reliability distribution is uniform, the obtained intervals of possible value can be converted into new mutually disjoint intervals. However, there are still some problems that the number of intervals is too large (There are 216 intervals in this case), the length of corresponding interval is too small and corresponding reliability is too small, and it is not conducive to the analyze results. Therefore, the intervals need to be compressed and consolidated appropriately, and finally we got a 20 order blind number, which is shown in table VIII.
For each level in table IV, calculate the product of the threshold of indicator and corresponding indicator weight, then sum the products and we can get the classification threshold of R for corresponding water quality level, which is shown in table IX. According to the water quality classification threshold in table IX, we can get the reliability of each water quality level by equation (3) and (12)- (17), which is shown in table X. Table X shows that the river stretch is at from level III to level V overall, the corresponding reliability is 15.52%, 71.26% and 12.79%, respectively. The reliability corresponding to level I, level II and worse than level V are close to zero. According to the principle of maximum membership degree, the river stretch is at level IV. Likewise, if the water quality status is evaluated by only one indicator, we can conclude that river stretch is at level IV for D, level IV for COD Mn , level V for COD Cr , level V for BOD 5 , level IV for NH 3 -N.
If the comprehensive index R is calculated by equation (2), we can get that expectation of blind number of R is equal to 3.896, which belongs to the interval of level IV 2.86≤R<5.07, so we can know the river stretch is at level IV, too. The result is identical to the conclusion by reliability calculation model of blind number. From the (9) , which falls in the interval of level IV, so we can conclude that the result is level IV. But there exist the probability of belonging to the level III and level V, which are 15.52% and 12.79%, respectively. And the deterministic method cannot reflect the chance.
IV. CONCLUSION
Blind number theory measure model based on the entropy coefficient method was proposed and applied to water quality evaluation of river stretch. The results of simulation case show that the model can scientifically and accurately describe the water quality status. Compared with the deterministic method, it not only got the same water quality level, and could also get the probability of belonging to other levels. In the addition this paper used entropy coefficient method to study on the weight of every indicator and eliminated the subjectivity of determining the weight, so that the proposed model has great generality.
